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Juvenile birds regularly migrate
thousands of kilometers. Most fly
at night, without their parents to
guide them. The mystery of how
birds manage this apparent
impossibility inspires ever-more-
heroic attempts to defeat them at
this crucial task. In this issue of
Current Biology, Åkesson and
colleagues [1] report a dramatic
new way to confound south-
bound sparrows: take them along
or above the Arctic Circle aboard
an icebreaker; fly them to
experimental sites by helicopter;
and see what directions they
choose. Only time will tell
whether, once again, the birds
have another layer of yet-to-be-
deciphered finesse in their
navigation repertoire, or if they
finally have been driven to the
computational wall and are
responding in a consistent ‘does-
not-compute’ manner.
Exactly what does a migrating
species require? First, the birds
need a compass to know which
direction they are going, and they
come supplied with several: the
earth’s magnetic field (indicating
magnetic north); the celestial pole
(indicating true north, about which
the stars appear to rotate at night);
and the sun’s location (as inferred
from patterns of sun-centered
polarization which, with a suitable
time sense, also specifies true
north). Second, they need to know
at least roughly — and in some
instances quite precisely — where
they are relative to their goal. In
the case of homing pigeons, this
ability is known as a map sense,
and has a resolution of a very few
kilometers [2].
The map sounds quite
mysterious compared to the
compass, but they are both
daunting challenges. Consider the
problem from the bird’s point of
view. First of all, it is cloudy a lot,
so much of the time you can
forget about using celestial cues.
But then, why not just use
magnetic north? If you are born at
a high latitude — where large
numbers of species breed —
there is often a large discrepancy
between magnetic and true north
— the declination error, which
arises in part from the 1400
kilometer separation of this point
from the geographic pole. Worse,
declination generally changes as
you fly south. And even if the
evening is clear, the stars and
patterns of polarized light change
with both latitude and date.
Birds dispose of these
problems by periodically
calibrating one compass against
the other [3,4]. Recent evidence
has shown that when the sky is
LSD2. It will of course also be of
interest to determine how
interactions between LSD2 and
Klar actually influence Klar in its
putative role as a molecular
toggle. Does the binding of LSD2
to Klar increase Klar’s affinity for
one motor type over another
(Figure 2)? Or, do LSD2–Klar
interactions lead to the
recruitment of accessory factors
that stabilize or otherwise act on
already engaged motors? It will
also be of interest to investigate
the connection between LSD2-
dependent transport and LSD2-
dependent metabolism of lipid
droplets. One intriguing
possibility, suggested by Welte et
al. [3], is that transport induces
structural changes in the droplets
that increase the accessibility of
their lipid and fat contents to
lipases and other metabolic
enzymes. Finally, it will be of
interest to identify the LSD2-
counterparts that control net
directional transport of cargoes in
other systems.
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Animal Navigation: Northern
Exposure
A recent study has found that sparrows moved gradually east above
the Arctic Circle completely altered their migration strategy after
encountering the massive natural change in declination near the
magnetic pole. This should not happen — or should it?
clear, the recalibration occurs
daily, and takes only about an
hour [5,6]. The accuracy and
sensitivity of this system is
astonishing: in tests performed
near the conventional north
magnetic pole—where the earth’s
field lines plunge vertically into the
planet, providing no directional
information at all — birds are well
oriented just a few dozen
kilometers away, where there is
only a 1.1° deviation from vertical
[7]. (There is another ‘pole’, one of
magnetic intensity, located about
2000 kilometers farther south near
the western edge of Hudson’s
Bay, which is critically important
in magnetic-map theories.)
But how do the birds know
which way to fly in the first place.
Most species have an innate
starting direction: put them as
juveniles or adults in a cage
during migration season, and they
will all try to escape in roughly the
direction they ought to fly to get
to their wintering grounds (for
example [8]). But there is a danger
here in assuming that the birds
know only as much as their
behavior suggests: some species
display accurate departure
directions in cages, while others
select a consistent but quite
incorrect one (west into the
sunset). But release the same
‘misguided’ birds with tracking
beacons, and they set off in the
direction they ought to have
chosen in the cage [9]. The results
of Åkesson et al. [1] take on more
meaning in this light.
For humans, map location is a
combination of latitude and
longitude. Latitude can be read
directly from the angle of the pole
point. Working out longitude is
another matter. For some birds,
for whom the target is, say, Africa,
precision is not necessarily at a
premium. But given the high
accuracy often seen in birds
returning to the natal area the
following spring, it is hard to
believe that most species are not,
in fact, pretty good at longitudes.
For European navigators the
eventual solution was highly
accurate clocks. But in pigeons,
whose ability to judge longitude
appears to be better than that of
humans prior to quartz watches
and GPS navigation, there is
absolutely no role of time
difference in this ability. They are
doing something else entirely; for
the pigeon, ‘longitude’ is almost
certainly not even an east–west
coordinate.
A vast body of experimental
data (mostly on pigeons) permits
us to account for the map sense
on either of two unlikely bases:
odors learned as juveniles (in a
group of animals notable for its
general insensitivity to olfactory
stimulation), or an ability to detect
the strength and angle of the
various components of the earth’s
magnetic field to a degree of
precision that rivals or exceeds
that of the best human
instruments (at least those not
encased in liquid nitrogen) [10]. Is
there a third way?
Åkesson et al. [1] began their
odyssey on the north coast of
Canada, near the Alaskan border,
well above the Arctic Circle. From
this point the true (inclination)
magnetic pole is to the northeast,
while the intensity pole is to the
east-southeast. This creates two
separate local gradients of
potential use. Breeding adults and
their juvenile offspring were either
kept on site as controls or taken
onboard an icebreaker, which
moved steadily east for four
weeks. The trip covered nearly
3000 kilometers along a line of
constant field intensity, but
varying inclination, passing almost
directly across the magnetic pole.
The birds were tested at eight
sites, both with and without
celestial cues. Based on previous
work, the expectation was that
juvenile birds would attempt to fly
the direction appropriate at the
natal site (southeast toward the
wintering grounds) in all eight sets
of tests, while the adults might
either do the same or slowly
reorient toward their winter target
in Texas, showing an ever-more
southerly heading as they are
displaced east.
The control birds, marooned in
their nesting area, did indeed
select the same southeasterly
direction, day after day. The
cruising birds, however, did
something very odd: After a day
or two at each site to allow
compass recalibration, they
dutifully chose southeast at the
first three locations west of the
pole. Once east of the magnetic
pole, however, both juveniles and
adults showed a strong westward
preference—an apparent attempt
to get back to the natal site and
start migration over again after the
trauma of passing near the pole.
These surprising results tell us
several things: First, even though
they won’t reveal it in the test
cages, the displaced birds always
know at least roughly where they
are. Second, the trauma that
seemed to require the sparrows to
return to their starting point was
not the high magnetic inclination
(as control tests with artificial
fields at the natal site showed),
but rather the astonishingly rapid
and implausible shift of 95° in
declination between the last site
west and the first one east of the
pole.
To use a magnetic map,
juveniles must determine (in some
pairwise combination) the
directions and rates of change in
vertical field strength, total field
strength, declination and/or
inclination in their home area; they
must then use an extrapolation of
this grid to infer position outside
the home range [11]. When
confronted with rates of change far
in excess of normal — magnetic
anomalies — a kind of desperate
escape behavior appears which
directs the birds to an area with
more reliable information [2]. In this
case, the sparrows seem intent on
returning to the starting point
where their maps make sense. Or it
could be that the birds switched
strategies when the ratio of change
in inclination to change in total
strength changed from positive (as
at the natal site) to negative.
Regardless, the information used
was magnetic.
Åkesson et al. [1] suggest yet
another possibility: perhaps the
birds, passing as they did through
about one time zone each week,
deduced longitude from a
combination of magnetic
declination and clock shift.
Maybe, but if so, why would the
sparrows suddenly need to fly
hundreds or thousands of
kilometers home before heading
south? If they knew both
longitude and latitude, why not
just head for Texas?
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New York is a great melting pot of
different races and cultures. Just
walk along Broadway between
Canal Street and Washington
Square and you can hear a dozen
different languages or accents.
This high degree of local diversity
is due to a daily emigration and
immigration of people with origins
from all around the world.
Although the degree of diversity is
fairly constant, the representation
of different groups changes.
Somehow within this small area of
high diversity, many groups
manage to maintain their
distinctiveness, occasionally
founding enclaves like a Little
Manila or a Chinatown. Fusions
may be born from this mixture,
sometimes with important
consequences for the evolution of
genetic combinations. Three new
studies by Barrière and Félix
(published recently in Current
Biology) [1], Sivasundar and Hey
(in this issue of Current Biology)
[2], and Haber et al. [3], suggest
that Caenorhabditis elegans has a
surprisingly similar demographic
dynamic.
A tiny, non-parasitic nematode
worm, C. elegans has become a
giant in model-systems research
on fundamental mechanisms of
animal development and
genetics, neurobiology and
behavior, and genome
architecture and function.
However, in contrast to other
model systems like Drosophila,
mouse and Arabidopsis, little is
known about C. elegans ecology
and natural history. Because its
genome has evolved in an
ecological context, our
understanding of the function of
many genes and organ systems
should be greatly enhanced by
knowledge about the natural
environment of C. elegans, its life
cycle, and its interactions with
other organisms [4]. The three
new studies make an important
contribution to our knowledge
about demographics, genetic
diversity, and reproduction in
natural populations of the worm.
Previous work on the genetic
diversity of C. elegans used
isogenic strains derived from
natural isolates obtained by
different groups at different times
from locations around the world.
Genetic diversity among these
strains has been assessed by
polymorphisms in transposons,
minisatellite and microsatellite
simple repeat sequences, and
DNA sequences of various genes
(reviewed in [5]). In all cases, the
degree of global polymorphism
was found to be surprisingly low.
Calculated from microsatellite
data, the worldwide “effective
population size”, Ne— a
population statistic that is
proportional to genetic diversity—
ranges from 200 to 44,000,
depending on the locus. Ne is
generally lower than the actual
number of breeding individuals;
nevertheless, this number is
surprisingly low for a nearly
cosmopolitan species [6],
especially considering that these
worms reached densities of at
least ten individuals per gram of
compost in the Barrière and Félix
study [1]. This global genetic
diversity for C. elegans is
considerably lower than that in a
related species, Caenorhabditis
remanei [7]; approximately 20-fold
lower than in Drosophila
melanogaster; and on the same
order as human diversity [5].
As I read the results, if the
extrapolated magnetic terrain no
longer makes any sense to the
displaced birds; moving back
along the latitude of displacement
until the navigational program
yields plausible answers is the
way to solve the problem. I do
wish that at the end of the cruise,
the potentially spiteful sparrows
had been released with tracking
devices, presumably confirming
that outside of cages they do
indeed want to fly back to the
Alaskan border; it is always
possible that they were jolted into
the sunset-directed orientation
after their pole-passage trauma,
and might actually have flown
southeast if free to do so.
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Evolution: An Ecological Context
for C. elegans
Despite low global diversity among natural populations of
Caenorhabditis elegans, neighboring populations can be as genetically
distinct as strains from different continents, probably owing to
transient bottlenecks and ongoing dispersal as a dauer larva. Selfing
predominates in the wild, but rare outcrossing may also play an
important role.
